Objectives-Low back pain (LBP) is a common musculoskeletal disorder among different age groups, including adolescents. The purpose of this study was to compare the abdominal muscle thickness between healthy adolescents and those with LBP.
L ow back pain (LBP) is a common musculoskeletal disorder among patients referring to health care systems, [1] [2] [3] and considering the heavy economic costs, it requires prompt attention and analysis. 4 Numerous studies have estimated different prevalence rates of this disorder among children and adults in various age groups and occupations. 5, 6 According to such reports, the lifetime prevalence rates of LBP were reported to be 17% in 11-to 14-year school-aged children 5 and 22.3% in students with an average age of 14.95 years.
According to Panjabi's stability theory, 10 3 systems, active, passive, and neural, are involved in lumbar spine stabilization. Segmental instability of the lumbar spine, which occurs due to changes in muscle control, seems to be a possible source of pain. 11, 12 Abdominal muscles, including the transversus abdominis, internal oblique, external oblique, and lumbar multifidus muscle, are reported to be of important stabilizer muscles of lumbar spine. 12 According to various studies, several changes in the deep abdominal muscles, especially the transversus abdominis muscle, were found to be associated with LBP. These changes include increased activity of erector spinae muscles during trunk movements, 13 delayed muscle relaxation in response to pressure removal, 14 reduced muscle activity during function, 15 change in deep muscle recruitment, 15 and decreased muscle thickness and size. 16, 17 There are various methods, including electromyography, [18] [19] [20] magnetic resonance imaging, [21] [22] [23] and ultrasonography (US), [24] [25] [26] [27] for evaluating different characteristics of abdominal muscles and surrounding tissues, especially fat, in healthy individuals and patients with LBP. Among these methods, US is reported to be an inexpensive, noninvasive, valid, and effective imaging technique, which is widely used to assess the size and shape of muscles and surrounding tissues. [24] [25] [26] [27] As mentioned earlier, the relative risk of LBP in children and adolescents are reported to be high. 6, 28 The results of different studies have shown that the first incidence of LBP in childhood may be one of the main causes of its occurrence in adulthood. 2 However, evaluating different muscles in children and adolescents seems necessary to detect possible changes after any musculoskeletal disorders. It was hypothesized that there would be no significant differences in muscle thickness between healthy adolescents and those with LBP. Consequently, the main objective of this study was to compare abdominal muscle thickness on US in healthy adolescents and those with LBP.
Materials and Methods
This work was a nonexperimental cohort and analytic study. Through a convenience sampling method, 160 healthy high school students and 80 high school students with nonspecific chronic LBP from Tehran City participated. The sample size was calculated on the basis of a 5 .05 and a confidence interval of 0.95 by the following formula:
This study was approved by the Ethics Committee of the University of Social Welfare and Rehabilitation Sciences (Tehran, Iran). The inclusion criteria for the healthy students were having no history of LBP and being generally in a good healthy condition and for patients having a history of nonspecific LBP for at least 3 months. The exclusion criteria were a history of sacroiliac dysfunction, scoliosis, respiratory and rheumatic diseases, neurologic diseases, spinal fracture or dislocation, malignancies or other metabolic disorders, spondylolisthesis or spondylolysis, and sensitivity to gel, which were diagnosed by an expert physician. At the beginning, necessary information about the procedure and objective of the study were provided to the participants. A written consent form was then signed by the students and their parents. Demographic questionnaires were used for both healthy and patient groups: visual analog scale 29 and Oswestry Disability Questionnaire to evaluate the pain intensity for determining the level of functional disability in the patient group, respectively. 30 A US device (Leo-3000; XuZhou Leo Medical Equipment Co, Ltd, Jiangsu, China) was used for imaging measurements. All images were taken by a physical therapist with at least 5 years of experience. The US examiner was blinded to the patient group. All children (both healthy and those with LBP) were referred to the study by their sport teacher, and a spine surgeon evaluated all children by inclusion and exclusion criteria to identify the eligible children. Each participant then entered the US room, and the examiner, without having any information on the children's health condition (healthy or LBP) evaluated muscle thickness (Figures 1-3) . The same examiner measured and analyzed the muscle thickness. In this study, 3 images were taken from the transversus abdominis, internal oblique, external oblique muscles and subcutaneous fat for each side, and then the average was selected to be analyzed. Participants were asked to be in a crook-lying position on a bed. Although goniometry was not used to standardize the posture of the participants, every effort was made to keep the hip joint at 908 flexion.
Then, a linear US transducer with a 7.5-MHz frequency was located between the 12th rib and iliac crest on the anterolateral abdominal wall using an excess of US gel. 26, 31 The thicknesses of the transversus abdominis, internal oblique, and external oblique muscles and the subcutaneous fat were measured and recorded at the end of exhalation. 31 For statistical analyses, the Kolmogorov-Smirnov test was used to evaluate the normal distribution of independent variables (weight, height, and body mass index). The mean and standard deviation of all measurements of muscles and fat were also determined bilaterally. An independent t test was applied to analyze the differences between boys and girls and also changes between the groups. The Pearson correlation test was used to evaluate the associations between variables. The statistical significant level was set at P < 0.05. SPSS version 22 software (IBM Corporation, Armonk, NY) was used for statistical analyses.
Results
According to the sample size estimation formula, 160 healthy participants and 80 adolescents with LBP were needed. One hundred seventy-five healthy adolescents were screened, and 15 were excluded because of unwillingness to participate (n 5 11) and scoliosis (n 5 4). In the group with LBP, 87 adolescents were screened, and 7 were excluded because of scoliosis (n 5 5) and leg length discrepancy (n 5 2). The remaining 160 healthy participants included 80 girls and 80 boys, and the 80 patients with LBP included 40 boys and 40 girls.
Demographic characteristics of the participants are presented in Table 1 . The means and standard deviations of the abdominal muscle sizes and subcutaneous fat widths of the healthy participants and patients with LBP are presented in Table 2 . The statistical analysis demonstrated that the size of the internal oblique muscle was larger than that of the external oblique and transversus abdominis muscles. The results of the independent t test are shown in Table 3 . As shown, there was a significant difference between the groups in terms of internal oblique, external oblique, and transversus abdominis muscle size. No significant difference was found between the groups in terms of subcutaneous fat dimensions.
The results on the correlation of pain and disability with muscle thickness in the patients with LBP shown in Table 4 indicate significant negative correlations between pain and abdominal muscle thickness. A significant correlation was found between pain and subcutaneous fat width. Significant negative correlations were also found between the level of disability and abdominal muscle thickness and the fat dimension.
Discussion
The null hypothesis of this study was that no significant differences were expected between healthy adolescents and those with LBP in terms of the abdominal muscle size and fat dimension. The results of the study that found differences in abdominal wall muscle thickness were comparable with the findings of studies conducted in adults and those that focused on comparative investigations of neuromuscular disorders in children with such disorders. According to the studies conducted to compare muscle sizes of healthy adults and those with LBP, the abdominal and lumbar multifidus muscle sizes of patients were reported to be smaller than those of healthy individuals. Ferreira et al 32 showed that changes in the thickness of the transversus abdominis muscle during low-load isometric tasks in patients with a history of LBP were less frequent than in healthy individuals (P < .01), but there was no difference between the groups in terms of the thickness of the internal oblique (P 5 .31) and external oblique (P 5 .85) muscles. 32 According to the literature, such a difference in the transversus abdominis muscle thickness in patients can be attributed to the changes in the motor pattern rather than changes in the neurologic excitability. 32 According to a study conducted on changes in abdominal muscle thickness during a hollowing maneuver, a significant difference in the muscle thickness change was found between patients with LBP and a control group (P < .001). The rates of changes in muscle size were reported to be 15% and 50% in patients with LBP and healthy individuals during muscle activity, respectively. 33 Teyhen et al 34 showed no significant difference between healthy individuals and patients with LBP in terms of changes in abdominal muscle thickness during muscle activity (P > .05). Perhaps basic differences in the methods of the previous studies, such as the severity and duration of pain in participants during the tests, might haven been reasons for the different results. Kiesel et al 35 examined changes in the abdominal and lumbar multifidus muscle thickness during pain induction with a hypertonic saline solution using US. The results of their study showed a decrease in the thickness of the transversus abdominis and lumbar multifidus muscles after pain induction (P < .01). They indicated that the induced pain may alter the activity of the muscles through a pain adaptation model, and pain itself may be responsible for the onset of motor control impairment.
The results of our study in terms of decreased abdominal muscle thickness in children with LBP compared with healthy participants were consistent with the findings of the previous studies conducted on adult populations. Morphologic changes in abdominal muscles seem to be indirect causes of changes in muscle recruitment 16, 17 and the onset of motor control dysfunction associated with LBP. 32 It has been stated that noncontractile tissues and subcutaneous fat play roles in the pathologic 27, 36 The results of the previous studies indicated that one of the causes of increased noncontractile tissues thickness could be tissue adaptation to mechanical stresses. It is possible that abnormal movement patterns that result from impaired motor control in patients with LBP and also in the presence of pain may lead to an increase in noncontractile tissue size and allow for more fat penetration into the muscle tissue. 36 In this regard, histologic results indicated that the noncontractile tissues would be fibrotic in the presence of microtrauma, inflammation, 37 carrying heavy loads, and muscle atrophy. 38 The results of a study conducted by Yang et al 39 indicated a significant correlation between increased abdominal adipose tissue thickness and lumbar disk degeneration that played a key role in LBP. Several mechanisms might contribute to the association between the abdominal fat tissue diameter and lumbar disk degeneration. Accumulation of fat might increase compressive and shear loads on the lumbar spine during activities of daily living, and also atherosclerosis and stenosis of the feeding arteries might also occur and then reduce blood flow, resulting in disk degeneration and LBP. 39 However, the results of this study showed that the abdominal subcutaneous fat dimension was larger (22%-29%) in the patients with LBP than the healthy participants. One of the main causes of such a difference might an increase in the size of abdominal noncontractile tissues.
A systematic review conducted by Wong et al 40 clearly indicated that no published study investigating the correlation between muscle characteristics and thickness, pain, and disability in patients with LBP was found. Limited studies assessed the correlation between pain, disability, and abdominal and multifidus muscle size as associated with LBP after various exercise programs. In a study conducted by Unsgaard-Tondel et al, 41 the correlation between abdominal muscle thickness changes, pain, and disability was investigated. The results revealed that the ratio of the abdominal muscle thickness changes during a hollowing maneuver to the relaxed state of the muscles could not be considered a predictive index for pain and the disability level of patients with LBP. 41 The results showed that this ratio could be improved after a 1-year exercise therapy program. 41 The results of a study conducted by Pulkovski et al 25 demonstrated that a weak negative correlation was found between the disability index and transversus abdominis muscle thickness in adults with LBP. The results showed that patients with more weakness in performing an abdominal hollowing maneuver reported more severe disability. 25 They concluded that there was a negative correlation between abdominal hollowing weakness and disability in doing activities of daily living. 25 Our study showed that negative correlations were found between abdominal muscle thickness, pain, and the disability index in adolescents with LBP. In this study, patients with lower muscle thickness had a high percentage of disability and severe pain intensity. Previous studies indicated that the stabilizer muscle size may decrease and fat size may increase in patients with LBP. 38 One possible reason for fatigability of muscles with increased fat tissue was reported, 38 and sensitivity to pain also correlated with the level of stabilizer muscle activity because of the individual motivation level and perception of pain. 34 In a study conducted by Campbell et al, 42 the results demonstrated that a significant correlation was found between spinal muscle activity and the percentage of fat tissue. They concluded that the percentage of fat tissue was a strong predictive index. 42 Some mechanisms for this conclusion were individual deconditioning and an increased body mass index.
This study had some limitations. The variation in the angle of the hip joint might have had an influence on the US measurements in the crook-lying position, although every effort was made to keep the hip joint at a right angle. Another limitation was recruitment of samples by a convenience method. The inability to design a double-blind cohort study could be considered a source of bias.
In conclusion, the results of this study generally indicated that, similar to the adult age group, muscle thickness in spinal stabilizer muscles is lower in adolescents with LBP. Future studies among primary and secondary school students are recommended to identify possible changes in abdominal and multifidus muscles as well as to assess the effects of therapeutic interventions in such age groups.
